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Abstract 
Desalinization effects on benthic diatom communities were investi- 
gated in two adjacent streams in Northern Thuringia, the creek Ur- 
bach and the river Helbe. Salt-saturated stockpile ffluents had been 
introduced into the Urbach until 1996, resulting in fluctuating chlo- 
ride concentrations with maximum values up to 25.4 g • 1 -~ (Helbe: 
max. 3.7 g. 1 1). 
The diatom vegetation and hydrographical and chemical data of 
an Urbach site were compared to those of a sampling site further 
downstream. Monthly sampling in 1996 started at the end of salt in- 
flux in January. Reference samples from the years 1995, 1986 and 
1963 were evaluated along with the 1996 samples. 
After termination ofthe introduction ofsalt-loaded effluents, rel- 
ative abundances of brackish water species greatly decreased within 
three months. The Halobion Index (ZIEMANN 1982), reflecting os- 
motic and ion composition effects on diatoms, decreased until May 
1996, then stabilized. In summer 1996, several diatoms had a mass 
development, showing that salinization impacts had previously 
overruled effects of other environmental v riables. 
Introduction 
Salt stockpiles are remarkable landmarks of Northern 
Thuringia: red-brown artificial mountains with a rugged sur- 
face, lacking any kind of vegetation cover. They are the 
byproducts of decades-long mining activity in the produc- 
tion of potassium fertilizer. The stockpile Volkenroda in the 
catchment area of the small creek Urbach consists of 77% 
sodium chloride and still contains high fractions of potassi- 
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um salts. A total volume of 500 m 3 salt solution per day, 
equivalent to a chloride mission of 1.33 kg • s -1, leaks from 
the base of the stockpile, independent of weather conditions. 
For nearly a century, the effluents from the potassium 
stockpile Volkenroda have affected the Urbach, and kept it 
from freezing in winter. Until 1985, the salt containing 
stockpile effluents contaminated the soil and diffusely 
leaked into the Urbach. Between 1985 and 1995, the efflu- 
ents were collected in a ring canal, led into a storage basin, 
and directly discharged into the Urbach. This small creek 
runs into the river Helbe, which also receives water from 
several unsalinized creeks, and is a tributary of the Unstrut- 
Saale-Elbe river system. 
The influx of salt into the Urbach was coordinated with 
the water level of the river Helbe throughout most of the year 
to reduce salinity fluctuation. Nevertheless, it was often ir- 
regular and resulted in a high and heavily fluctuating salt 
load; i.e. when Helbe water was needed for field irrigation 
during the summer months, the influx of salt was suspended 
(U. ZIEMANN, Staatliches Umweltamt Erfurt, pers. comm.). 
Since December 1995, no further salt has been introduced 
into the Urbach. It is now directed into the deserted potassi- 
um salt mine Volkenroda/Menteroda at the foot of the stock- 
pile. 
The rapid desalinization f the Urbach and the Helbe was 
documented using benthic diatom communities a bioindica- 
tors for salinity. The first Halobion System was introduced 
by KOLBE (1927) with a design analogous to the Saprobic 
System (KOLKWITZ & MARSSON 1902) and was based on 
samples from a system of inland running waters with a rather 
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stable salt gradient. ZIEMANN (1971, 1982) adapted KOLBE'S 
system to the needs of routine river monitoring programs and 
introduced the Halobion Index. The calibrations for this 
index are based on data from the Northern Thuringian potas- 
sium mining area. Due to the characteristics of his sampling 
area, ZIEMANN considered absolute chloride concentrations 
as well as salinity fluctuations and relative ion compositions 
(especially the alkaline-calcium-ratio). His index is therefore 
most suitable for this study of similarly salt-affected running 
waters. 
The ZIEMANN Halobion Index has a range from -100 to 
+100. It should indicate water quality and measure the bio- 
logical effect of salt on benthic organisms. Diatom species 
are categorized into Halobion groups, using nearly the same 
definitions as KOLBE (1927): polyhalobic (ph), mesohalobic 
(mh), oligohalobic-halophilic (hp), oligohalobic-indifferent 
(oh) and haloxenic (hx). 
The goal of this study of the Urbach and Helbe is to docu- 
ment and interpret the response of the diatom community to 
sudden desalinization. The effect of salinization on various 
indicator organisms in running waters has been thoroughly 
investigated, for instance for the rivers Werra (e.g. GEISSLER 
1983; JAHN & WENDKER 1987) and Wipper (e.g. HmSCH 
1918; ZIEMANN 1967). Nevertheless, biocoenosis "recovery" 
in running waters following the cessation of salt influx has 
received little attention (e.g. HOFMANN 1997; SCHULZ et al. 
1997; SC~ULZ 1998 a,b), since the closing down of potassi- 
um salt mines on a large scale started only recently. The cur- 
rent study focuses on the succession of the indicator species 
and the time scale of the change in the diatom community 
concerning salt and/or other environmental variables. Inher- 
ent methodological difficulties within the design of the salt 
bioindication are also discussed. 
Materials and Methods 
From January 1996 until December 1996, samples of benthic di- 
atoms were collected non-quantitativeJy once a month from various 
substrata. The sampling sites (Fig. 1) were the creek "Urbach" near 
to the town Ebeleben and river Helbe near the village of Wasser- 
thaleben. Oxygen concentration a d saturation, temperature, pH, 
conductivity and salinity of the water were measured immediately 
before sampling or approximately two hours later in the laboratory 
by using the following probes: "WTW OXI 92", "WTW ph 96", 
"WTW LF 90" and "WTW LF 196" (WTW company, Weilheim, 
Germany). Hydrographical and chemical data were provided by the 
Staatliches Umweltamt Sondershausen and evaluated along with our 
own data. 
The diatom samples were boiled in H202 for several hours 
(KRAMMER & LANGE-BERTALOT 1986, altered), centrifuged atleast 
three times, resuspended with distilled water to clean the frustules 
from all organic matter, and mounted in Naphrax. Counts were made 
from permanent slides at a magnification f 1000x, using a Reichert 
Zetopan Microscope with differential interference contrast. 500 
frustules were determined on the same slide for each sample. For the 
counts, only epilithic samples (with diatom material scraped off of 
stones or concrete) were used. Several more slides from various ub- 
strata were scanned non-quantitatively for rare species. These were 
included in the total species number, but not in the Halobion Index. 
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Fig. 1. Map of the sampling area in Northern Thuringia, Germany. "~ 
466 Limnologica 29 (1999) 4 
Slides made by H. ZmMANN (Erfurt) and T. LEYA (formerly Ham- 
burg, now Berlin) prior to desalinization were analyzed as refer- 
ences along with the 1996 samples. 
The species were determined according to the keys of KRAMMER 
& LANGE-BERTALOT (1986, 1988, 1991a, 1991b). Recent recombi- 
nations like Tryblionella hungarica (GnUNOW) D. G. MANN (Syn. 
Nitzschia hungarica GnUNOW; see ROUND et a1.1990) were not in- 
cluded. The Halobion Index (ZmMANN 1971, 1982) was calculated 
from the relative abundances of the groups represented in one sam- 
ple, using ZmMANN'S Halobion lists and the following formula (F1): 
Yh . -  lh x 
H = • 100 (FI) 
Eh 
where: H = Halobion Index; YhH = sum of abundances (1 to 9) of 
Halobion (polyhalobic, mesohalobic or halophilic) species; Y~hx = 
sum of abundances ofhaloxenic species; 2h = sum of abundances of
species found in one sample (any Halobion group or undetermined). 
It is calculated from estimations of relative abundances and uses 
abundance groups on a scale from one to nine. These are clearly 
non-equidistant and more equivalent to a logarithmic distribution. In 
this study, however, relative abundances were derived from exact 
counts of frustules. They were recorded in percentages and, in this 
unconverted form, could not be used with ZIEMANN'S formula. In- 
stead, two other approaches for calculating the Halobion Index were 
chosen: 
In the first approach, the Halobion Index (in this paper eferred to 
as "H~") was calculated with the formula F~. The relative abun- 
dances in percent from the counts of 500 frustules were converted to 
an ordinal scale by using the conversion table of HOFMANN (1997): 
1 = "+"; 2 = <1%; 3 =>1% and <2.5%; 5 = >2.5% and <10%; 7 = 
>10% and <25%; 9 = >25%. Unlike ZmMAteV (1971) and HOFMANN 
(1997), only species found within the 500 quantitatively evaluated 
frustules per sample were factored into the index calculation. Rare 
species were therefore downweighted. This methodological devia- 
tion was relevant for the group of lowest abundance ("+"-species) as
well as the total number of species to divide by. 
In the second approach (formula F:), the Halobion Index "2" was 
calculated irectly from relative abundances in percent as in JAHN 
(1990): 
H2 = ZhH-  Zhx (F2) 
where: H e = Halobion Index 2; ~h H = sum of relative abundances 
(% from counts of 500 frustules) of Halobion (polyhalobic, meso- 
halobic or halophilic) species; Y~h~ = sum of relative abundances (%) 
of haloxenic species. 
Results 
Chemical parameters 
After December 1995, chloride concentrations decreased 
sharply from 25.4 g - 1 ~ to 1.2 g - 1 1 in the upstream Urbach 
and from 3.7 g • 1-1 to 0.2 g - 1-1 (maximum concentrations) 
further downstream in the river Helbe. Salinity fluctuations, 
particularly in the Urbach, also decreased substantially. Con- 
ductivity and salinity calculated from the ion sum were well 
correlated after desalinization. During the period of high 
salinity, only the chloride concentrations, but neither salinity 
nor conductivity were recorded. 
Desalinization resulted in larger changes in the relative 
ion composition in the less salt-affected river Helbe than in 
the Urbach (Fig. 2). Before desalinization, both the Urbach 
and the river Helbe were classified as sodium chloride wa- 
ters. In 1996, the water of the river Helbe was of the calcium 
sulphate/hydrogen carbonate type (cations: calcium 51 eq%, 
magnesium 30 eq%; sodium 15 eq%; anions: sulphate 
43 eq%, hydrogen carbonate 34 eq%, chloride 21 eq%). 
However, the water of the Urbach was still characterized by 
large ion fractions of sodium and chloride (cations: sodium 
48 eq%, magnesium 23 eq%, potassium 9 eq%; anions: chlo- 
ride 56 eq%, sulphate 21 eq%, hydrogen carbonate 18 eq%). 
The bedrock of both running waters is composed of Trias 
limestone (HmcKEL 1959). In the Urbach, the mean annual 
BOD5 in 1996 was 7.4 mg • 1-% the maximum measured was 
13 mg • 1-L The maximum BODs before desalinization, on 
21-07-1986, was 12.5 rag- 1-1. In 1996, mean annual concen- 
tration of nitrate was 11,3 mg• 1-1 (maximum: 27.8 mg• 1 -~) 
and of nitrite 0.28 rag. 1-1 (maximum: 0.9 mg.  1-1). 
Diatom community composition 
After desalinization, the number of species doubled in com- 
parison to the period prior to desalinization, namely in the 
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Fig. 2. Relative ion composition (in eq%, annual mean of 1996) in 
the Urbach and the river Helbe. 
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Figs. 5-8. SEM pictures of diatom fmstules. 
5. Nitzschia inconspicua. 6. Nitzschia liebetruthii. 7. Nitzschia frustulum. 8. Navicula perminuta. Scale bar = lpm. 
Urbach from 56 to 110 and in the Helbe from 52 to 109 
species. The relative species abundances changed even more 
distinctly especially in the Urbach (Fig. 3). Before desalin- 
ization and also in the one sample taken three months after, 
the vegetation of the Urbach was really monotonous and the 
samples were dominated by just two brackish water species 
in comparatively high relative abundances: Nitzschiafrustu- 
lure (Fig. 7) and Navicula perminuta (Fig. 8). Nitzschiafrus- 
tulum stayed an important part of the community  for some 
months after desalinization in the Urbach. In the course of 
Fig. 3. Diatom community composition i  selected Urbach samples. 
Abbreviations for Figs. 3 and 4: 
Species with a relative abundance of at least 2%: Ac.lanc - Achnanthes lanceolata (BRgBISSON) GRUNOW; Ac.minu - Achnanthes minutissima 
KOTZING; Am.pedi -Amphorapediculus (K~2TZlNG) GRUNOW; Cy.mene - Cyclotella meneghiniana K/,)TZING; Di.moni -Diatoma moniliformis 
KOTZING; Di.tenu - Diatoma tenuis AGARDH; Fr.fasc - Fragilariafasciculata (AGARDH) LANGE-BERTALOT; Go.oliv - Gomphonema olivaceum 
(HORNEMANN) BR~BlSSON; Me.vari -MeIosira varians AGARDH; Na.atom -Navicula atomus (K/,)TZINO) GRUNOW; Na.digi- Navicula digitora- 
diata vat. minima CLEVE-EULER; Na.greg - Nm,icula gregaria DONKIN; Na.lanc - Navicula lanceolata (AGARDH) EHRENBERG; Na.perm - Nav- 
icula perminuta GRUNOW; Na.phyl - Navicula phyllepta K/ATZlNG; Na.sali - Navicula salinarum GRUNOW; Na.sapr - Navicula saprophila 
LANGE-BERTALOT; Na.subm - Navicula subminuscula MANGUIN; Na.vene - Navicula veneta KOTZING; Ni.aura - Nitzschia aurariae CHOL- 
NOKY; Ni.angu- Nitzschia cf. angustiforaminata LANGE-BERTALOT; Ni.cons -Nitzschia constricta (KOTZING) RALFS; Ni.diss -Nitzschia dissi- 
pata (KOTZlNG) GRUNOW; Ni.frus -Nitzschia frustulum (KOTZlNG) GRUNOW; Ni.inco -Nitzschia inconspicua GRUNOW; Ni.lieb -Nitzschia 
liebetruthii RABENHORST; Ni.micr - Nitzschia microcephala GRUNOW; Ni.pale - Nitzschia palea (KOTZING) W.SMITH; Ni.pcea - Nitzschia 
paleacea GRUNOW; Ni.pusi - Nitzschia cf. pusilla GRUNOW; Rh.abbr - Rhoicosphenia abbreviata (AGARDH) LANGE-BERTALOT; St.hant -
Stephanodiscus hantzschii GRUNOW; Su.breb - Surirella brebissonii KRAMMER et LANGE-BERTALOT; Su.oval - Surirella ovalis BRt~BISSON; 
Other - Sum of species with a relative abundance below 2%. 
Fig. 4. Diatom community composition i  selected Helbe samples. For abbreviations see Fig. 3. 
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the year in the Urbach as well as in the fiver Helbe other 
species appeared in high abundances such as Nitzschia in- 
conspicua (Fig. 5), N. liebetruthii (Fig. 6) and the "sewage 
diatom" Navicula saprophila. 
Prior to desalinization, the diatom vegetation of the river 
Helbe was already more diverse than that of the Urbach (Fig. 
4). Later in 1996, a typical fresh water flora developed. One 
observation seems to contradict this, however. In the period 
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from January to May 1996, several individuals of Surirella 
crumena BaEB~SSON were found in six Helbe samples from 
different substrata. According to KRAMM~R & LANGE- 
BERTALOT (1988) this species has so far only been found in 
coastal brackish water environments. 
Regarding the species composition of the samples, sever- 
al groups can be differentiated. The reference samples and 
the Urbach sample of 27-03-1996 can be seen as a rather ho- 
mogenous cluster. Also, the 1996 samples of the Urbach are 
clearly different from Helbe samples. Two samples do not fit 
into this pattern and could therefore be considered as "out- 
liers". The Helbe reference sample of 08-09-1986 seems to 
be more similar to Helbe samples from spring 1996 than to 
the other eference samples. It was most likely taken during a 
field irrigation period, resulting in a freshwater period of up 
to three weeks (compare above). The Urbach sample of 20- 
04-1996 has some similarity with the Helbe reference sam- 
ples of 19-11-1963, since both contain large fractions of 
Navicula salinarum and Navicula phyllepta. 
Halobion classification 
The following species of the diatom flora were counted as 
Halobion and calculated into the Halobic Index: Cyclotella 
meneghiniana (hp, Urbach and Helbe), Diatoma tenuis (hp, 
Helbe), Navicula digitoradiata var. minima (mh, Helbe), 
Navicula perminuta (mh, Urbach and Helbe), Navicula 
phyllepta (mh, Urbach and Helbe), Navicula salinarum (mh, 
Urbach and Helbe), Nitzschia frustulum (mh, Urbach and 
Helbe), and Surirella ovalis (mh, Helbe). The following five 
species were also counted as Halobion but their relative 
abundances were below 2% and therefore not included in the 
pie-diagrams and the corresponding legend (Figs. 3 and 4): 
Amphora coffeaeformis (AGARDH) K/JTZING (ph, Urbach), 
Fragilaria cf. construens (EI4RE~BERG) GRUNOW (hp, 
Helbe), Fragilaria pulchella (RALFS) LANGE-BERTALOT (mh, 
Helbe), Nitzschia hungarica GI~UNOW (mh, Helbe), Nitzschia 
sigma (K~TzING) W.SMITH (mh, Helbe). No haloxenic 
species were found. 
Following desalinization, the Halobion Index (Fig. 9) of 
the Urbach changed from showing polyhalobic onditions 
(max. H~ = 88.9; max. Ha: 98.8, respectively) to the range of 
beta-mesohalobic/alpha-oligohalobic nd in the river Helbe 
(max. H~: 38.6; H2: 47.6) from beta-mesohalobic to beta- 
oligohalobic onditions. The downward trend of the Halo- 
bion Index was most apparent in the first five months follow- 
ing desalinization. During this time, the substantial increase 
in relative abundance of oligohalobic-halophilic species at 
the expense of mesohalobic species was at its greatest. An ex- 
ample of the decrease of a mesohalobic species in the Urbach 
is Nitzschia frustulum (Fig. 10) as compared to the increase 
of N. liebetruthii and N. inconspicua in both water bodies. 
Two further findings are worth mentioning: (i) Teratolog- 
ical diatoms frustules were quantitatively remarkable, partic- 
ularly in the Urbach where salinity and its fluctuation were 
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Fig. 10. Change of relative abundances ofthree Nitzschia species as 
compared to the Halobion Index H1 and H 2 in the Urbach (a) and in 
the river Helbe (b). 
higher than in the Helbe. They were more often found in the 
reference samples taken at times of heavy salt load, but also 
appeared regularly throughout 1996. (ii) From June to 
September 1996, the floating waterplant Lemna minor L. de- 
veloped significantly in the river Helbe. It covered the entire 
water surface of the shallow parts of the sampling site, where 
little current was observed. Cladophora spec. also developed 
significantly in the Urbach during the same time period. 
Clusters of filamentous thalli reached lengths of two or three 
meters. Enteromorpha intestinalis (L.) NEES was observed in 
the Urbach from April to June and in the Helbe from April to 
October 1996; thalli from the Urbach were shorter and more 
compact. 
Discussion 
Chemical data and diatom community 
composition 
In the beginning of the year 1996, salinity and its fluctua- 
tions decreased in the Urbach as well as in the river Helbe. 
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The ion composition, especially in the downstream river 
Helbe, also rapidly returned to almost natural conditions. 
The rapid desalinization at both sampling sites shows the 
short urnover time of the investigated running water system. 
The results of the hydrographical nd chemical parameters 
correspond to those of the biological investigations: alt re- 
duction, after a lag time of about hree months, was followed 
by an increase in diatom species numbers, a corresponding 
dramatic hange in relative abundances (Figs. 3 and 4), and a 
decrease in the Halobion Index (Fig. 9). 
Since both waters have a bedrock of limestone, a similar 
relative ion composition was to be expected. After desalin- 
ization, Urbach and Helbe would then become calcium car- 
bonate waters with high sulphate fractions or calcium sul- 
phate waters with high carbonate fractions. The fact that the 
Urbach in 1996 was still characterized by sodium, chloride 
and a remarkable potassium fraction is most likely due to 
continuing salt introductions from diffuse sources, e.g. salt 
stored in limestone caverns or soil contamination. 
For certain species and samples, desalinization effects can 
be clearly differentiated from other influences. An example 
of this is the complete disappearance of Navicula perminuta 
in the river Helbe and its decreased abundance and later also 
complete disappearance in the Urbach. This species is clear- 
ly more competitive under conditions of high and fluctuating 
salinity. This is revealed by a comparison between the refer- 
ence and 1996 samples as well as those of the Urbach and the 
river Helbe (Figs. 3 and 4). An additional example is the 
change in ratio between Nitzschia fi'ustulum and Nitzschia 
inconspicua after desalinization in the Urbach and when 
comparing Urbach to Helbe samples (Fig. 10). 
Also seasonal effects eem to have an influence on the de- 
velopment of some species. This explains certain similarities 
between reference and 1996 samples from the same month 
or season that cannot be explained by salinity or other pollu- 
tants. Examples are Achnanthes lanceolata and Navicula 
salinarum. The former has its maxima of abundance in the 
river Helbe in January, November and December 1996 (Fig. 
4). The latter has its maxima in the Urbach during the months 
of April and November (Fig. 3). ZIEMANN (1991) also men- 
tions a mass development ofNavicula salinarum in the river 
Werra to have occurred in 1964. But in summer months with 
only little precipitation, seasonality and ion concentrations 
are not necessarily independent variables. A summer bloom 
of Nitzschia inconspicua therefore might not be explainable 
by only one parameter (see below). 
The high abundances of Navicula saprophila in the 
course of 1996 may be interpreted as an indication of pollu- 
tion by organic sewage in the absence of high salt concentra- 
tions. This species was not relevant in the reference samples. 
BODs-values, however, continued to be as high and fluctuat- 
ing in 1996 as before desalinization. Extraordinarily high 
chlorophyll-a values measured in the fall of 1995 by LEYA & 
KIES (1997) - along with salinity maxima reaching 49%o - 
also show that nutrients are available in high quantities. 
It can thus be assumed that before 1996, the salt effect 
overruled the effects of other pollutants on the diatom com- 
munity. 
The Nitzschia frustulum-Puzzle 
In both running waters investigated, small oval to lanceolate 
Nitzschia species appeared suddenly in large relative abun- 
dances in summer. They were sometimes difficult to differ- 
entiate from Nitzschia frustulum in the lightmicroscope. 
KRAMMER & LANGE-BERTALOT (1988: p. 94--97) also discuss 
this problem and distinguish the following: 
- N. fi"ustulum: lanceolate or slightly subcapitate frnstules 
with distant middle fibulae (Fig. 7), 
- N. inconspicua: short ovoid frustules with distant middle 
fibulae (Fig. 5), 
- N. liebetruthii: lanceolate frustules like N. frustulum but 
with equidistant middle fibulae (Fig. 6). 
The ratio of these three species varied greatly in time and 
space (Fig. 10). Nitzschia inconspicua reached its maximum 
of abundance in the second half of 1996 in the river Helbe, 
especially during the summer months. N. fi'ustulum had 
dominated the Urbach in the reference samples and those of 
the first half of 1996. N. liebetruthii only dominated over the 
other two Nitzschia spp. in the river Helbe in March, May 
and December 1996. Due to their high relative abundances, 
they were highly relevant for bioindication but ZIEMANN 
(1971, 1982) classified only Nitzschia fi'ustulum as meso- 
halobic. Since ZIEMANN'S classification of species was pub- 
lished before KRAMMER & LANGE-BERTALOT'S species con- 
cept, the question was whether the other two that do not ap- 
pear on his lists are also indicators. 
The most important differential trait between Nitzschia 
frustulurn and N. liebetruthii, the distance of the middle fibu- 
lae, is bound to the presence or absence of a central nodule of 
the raphe, which can only be seen under the electron micro- 
scope. Usually the central nodule is correlated to the distant 
middle fibulae (WENDKER & GEISSLER 1986). However, 
WENDKER (1990) demonstrated that small Nitzschia frustules 
can have a central nodule as well as equidistant middle fibu- 
lae. The distance of the middle fibulae in N. frustulum varied 
much; minimal middle fibulae distances could then be con- 
sidered equidistant. These forms make the differentiation to 
N. liebetruthii frustules difficult which do not have a central 
nodule and therefore also show equidistant middle fibulae. 
But in this study, the small equidistant frustules were deter- 
mined as N. liebetruthii and not counted as Halobion species. 
The oval forms, determined as Nitzschia inconspicua, 
were also not counted as Halobion species. Interestingly, 
WENDKER (1990) described small Nitzschiafrustulum valves 
with rounded ends as being more frequent in the less saline 
area of the Schlei estuary. In turn, she found the less pointed, 
longer frustules (N. frustuIum sensu strictu in the concept of 
LANGE-BERTALOT 1988) to show more salt preference. HOF- 
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MANN (1997) made an ecological distinction between the 
mesohalobic Nitzschia fi'ustuIum and the halophilic N. in- 
conspicua. Our results (Fig. 10) do not fully support HOF- 
MANN'S Halobion classification and rather point at seasonali- 
ty. Like in this study, JAHN (1990) had observed significant 
developments of N. inconspicua in summer samples of her 
study on inner city canals in Berlin. And also HOFMANN 
(1997) found this taxon in the summer months; in her study, 
however, these findings coincided with less dilution of salt in 
the studied rivers. But our results confirm the placement of 
N. fi'ustulum, in the concept of KRAMMER & LANGE- 
BERTALOT (1988), as a mesohalobic bioindicator. 
The Halobion Index could therefore be improved by the 
following requirements: 
1. It should allow the use of relative abundances in percent 
derived from counts. 
2. It should make distinctions between different Halobion 
groups (e.g. mesohalobic weighted more strongly than 
halophilous). 
3. It should be calibrated with various physical/chemical p - 
rameters typical for the respective saline water, including 
characteristic salinity fluctuations (e.g. in the form of 
standard eviations of salinity) and alkaline-calcium rela- 
tions or P-values (ZIEMANN 1997). 
Calculation of the Halobion Index 
The method to obtain relative abundances of benthic diatoms 
has a strong influence on the results. Estimations, for in- 
stance, though used for decades in routine water quality 
monitoring, have a number of disadvantages (JAHN 1990). 
They require experience, and, when using ordinal scales, 
such as 1 to 9 (e.g. ZIEMANN 1971; VAN DER MAAREL 1979), 
the results are only reproducible to a limited extent by the 
same scientist. Unusual (rare, big, esthetic or teratological) 
forms are often over-represented in estimations. We there- 
fore think that counts of diatom frustules are a less biased 
way to obtain comparable r sults. Also, we recommend that 
the recording of "+"-species (rare species not included in the 
counts of a determined number of frustules; HOFMANN 1997) 
not be overly emphasized in quantitative descriptions of di- 
atom communities. As more slides are scanned the number 
of species will increase. These single specimen do not neces- 
sarily describe the investigated aquatic system but could 
have been randomly carried in from other ecosystems, e.g. 
through the air (BAUMANN 1979). 
As with the method used to determine the relative abun- 
dances, the formula to calculate the Halobion Index is influ- 
enced by the calculation method. ZIEMANN'S Halobion Index 
(1971, 1982) has been calibrated with a large data set of 
physical and chemical parameters. The relation between the 
estimated relative abundances of Halobion species and the 
Halobion Index is nearly logarithmic. JAHN (1990) applied 
relative abundances derived from exact frustule counts for 
the calculation of the Halobion Index. This method allows 
comparison of quantitative data calculated by the same 
method (e.g. JAHN & WENDKER 1987). Her formula reflects a 
linear relation between the relative abundance of Halobion 
species and the Halobion Index (Fig. 9). Since it has not been 
calibrated as ZIEMANN'S (1971, 1982), a comparison with 
Halobion indices in the literature is not directly possible. 
HOFMANN'S (1997) approach was intended to combine the 
advantages of the two approaches described above. It allows 
the use of ZIEMANN'S calibrated formula and, at the same 
time, of relative abundances a  a percentage derived from 
frustule counts. Through the conversion, however, precision 
is reduced. 
Zusammenfassung 
Der nordthtiringische Urbach und ein weiter flul3abwfirts gelegener 
Abschnitt des Flusses Helbe waren durch L6sungsaustr~ige der 
Kalirtickstandshalde Volkenroda j hrzehntelang stark satzbelastet. 
Die gesteuerte Einleitung wurde am Ende des Jahres 1995 ein- 
gestellt, weil die Salzw~sser nunmehr in die stillgelegte Grube 
eingebracht werden. Dies ftihrte zu einem starken Rtickgang der 
Salzbelastung des Urbachs, wo oberhalb der Stadt Ebeleben der 
Spitzenwert der Chloridkonzentration 1995 25,4 und 1996 1,2 g • 1-1 
betrug. Bei der Helbe oberhalb Wasserthalebens wurden 1995 maxi- 
mal 3,7 und 1996 maximal 0,2 g. 11Chlorid gemessen. 
Gegenstand dieser Untersuchung sind die Auswirkungen der bin- 
nen kurzer Zeit stark verminderten Salzkonzentrationen und Salz- 
gehaltschwankungen auf die benthischen Kieselalgen-Gemein- 
schaften beider Flieggew~isser b iunver~nderter organischer Bela- 
stung. Dazu wurde, beginnend mit dem Ende der Einleitung, die 
qualitative und quantitative Kieselalgen-Florenver~inderung ein Jahr
lang anhand monatlicher Probenahmen dokumentiert. Dauerpr~i- 
parate aus den Jahren 1963, 1986 und 1995 wurden zum Vergleich 
herangezogen. Erg~nzend azu erfolgte die Bestimmung hydro- 
graphisch-chemischer Parameter von Wasserproben aus der fliegen- 
den Welle. 
Die insgesamt nachgewiesene Anzahl der Kieselalgen-Arten ver- 
doppelte sich im Untersuchungszeitraum 1996 gegentiber der Zeit 
vor der Aussti[3ung, und zwar an der Probenahmestelle Urbach 
Ebeleben von 56 auf 110 und an der Probenahmestelle H lbe 
Wasserthaleben von 52 auf 109. Im Urbach stellten vor der Aus- 
stigung die beiden Arten Nitzschia frustulum (K(ITZING) GRUNOW 
und Navicula perminuta GRUNOW zusammen mehr als 97% der 
Kieselalgenvegetation; ei  halbes Jahr nach dem Ende der ge- 
steuerten Einleitungen dominierte die aus Abwasserzufltissen 
bekannte Navicula saprophila LANGE-BERTALOT, und im Sp/itherbst 
1996 wurde das Vegetationsbild deutlich vielfgltiger. In der weniger 
stark salzbelasteten Helbe wirkte sich die Reduzierung der Salzein- 
tr~ige rwartungsgem/ig nicht ganz so stark aus, war jedoch ebenfalls 
recht gut erkennbar. 
Anhand es Halobienindex' nach ZIEMANN (1982) wurde belegt, 
dag der Urbach sich oberhalb Ebelebens innerhalb eines halben 
Jahres von einem polyhaloben zu einem beta-meso- bis alpha-oligo- 
haloben Gewgsser verfinderte. Der Status der Helbe ~inderte sich im 
selben Zeitraum oberhalb von Wasserthaleben von beta-mesohalob 
nach alpha- bis beta-oligohalob. Die Reduzierung der Salzeintrfige 
hat in beiden Gew/issern die Bedingungen ftir die Existenz einer 
standortgemfigen Kieselalgengesellschaft erheblich verbessert. 
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